Understanding how animals integrate multiple cues, in particular complex mixtures of volatile chemicals, is a subject of current interest. Insect behavioural responses to volatile blends have traditionally been analysed separately to the changes in blends themselves, making it difficult to link behaviour directly to volatile cues. We coupled principal components analysis (PCA) and generalized linear models (GLMs) to link volatiles released by plants in response to pea aphid, Acyrthosiphon pisum, feeding directly to the behaviour of the aphid parasitoid Aphidius ervi. We used choice bioassays to compare parasitoid response to odours from aphid-damaged and undamaged plants, then collected volatiles from the same plants used in bioassays and analysed volatile profiles with PCA. The principal components explaining 99% of the variation in the data set were used as explanatory variables in a GLM to analyse the behavioural response. This was done for two plant species: alfalfa, Medicago sativa, and broad bean, Vicia faba. For each species, a single principal component was important in explaining insect attraction. In both cases it explained a small amount of variability in the volatile data set (7.0% and 0.5% in M. sativa and V. faba, respectively). For both plants, the analysis revealed the presence of volatiles that supported or inhibited parasitoid attraction. Compositional analysis of the blend revealed no major changes in either plant, highlighting that A. ervi can detect minor changes, ignoring the major variability in the blend. The approach could be valuable for behavioural studies on multisensory orientation by foraging animals. Ó
Understanding how animals integrate multiple cues, in particular complex mixtures of volatile chemicals, is a subject of current interest. Insect behavioural responses to volatile blends have traditionally been analysed separately to the changes in blends themselves, making it difficult to link behaviour directly to volatile cues. We coupled principal components analysis (PCA) and generalized linear models (GLMs) to link volatiles released by plants in response to pea aphid, Acyrthosiphon pisum, feeding directly to the behaviour of the aphid parasitoid Aphidius ervi. We used choice bioassays to compare parasitoid response to odours from aphid-damaged and undamaged plants, then collected volatiles from the same plants used in bioassays and analysed volatile profiles with PCA. The principal components explaining 99% of the variation in the data set were used as explanatory variables in a GLM to analyse the behavioural response. This was done for two plant species: alfalfa, Medicago sativa, and broad bean, Vicia faba. For each species, a single principal component was important in explaining insect attraction. In both cases it explained a small amount of variability in the volatile data set (7.0% and 0.5% in M. sativa and V. faba, respectively). For both plants, the analysis revealed the presence of volatiles that supported or inhibited parasitoid attraction. Compositional analysis of the blend revealed no major changes in either plant, highlighting that A. ervi can detect minor changes, ignoring the major variability in the blend. The approach could be valuable for behavioural studies on multisensory orientation by foraging animals. The use of multiple behavioural cues by animals is a topic of major current interest in animal behaviour and ecology (Fischer et al. 2001; Fawcett & Johnstone 2003; Kroder et al. 2007 ). Information from multiple environmental cues can be used to determine foraging behaviour (Lucchetta et al. 2007) , so understanding how these cues are perceived is important for a deeper understanding of how animals find and select food or hosts. In chemical ecology there is increasing understanding of how animals integrate multiple volatile compounds present in blends for the detection of suitable hosts or food items (Blight et al. 1995; Birkett et al. 2004; Wright & Smith 2004) and for the discrimination of host from nonhost plants (Pureswaran et al. 2004; Campbell & Borden 2006) . Specificity can be achieved by integrating volatile information from different types of plant damage (Hoballah & Turlings 2005) , and the use of ratios of multiple chemical compounds is now believed to be an important mechanism providing insects with the specificity needed for distinguishing suitable from unsuitable hosts or plants (Bruce et al. 2005 ). Another possibility is that there may be thresholds for some compounds, providing specificity in themselves or in combination with other volatiles.
Insect parasitoids have long served as model organisms in ecology (Godfray & Shimada 1999) , and have provided some of the major advances in understanding the use of chemical cues in host and habitat location. However, despite considerable evidence that parasitoids respond to plant volatiles, direct links between volatile profiles and insect behaviour have rarely been made (van Dam & Poppy 2008) . Researchers usually determine insect responses to volatile blends, characterize the blends and then carry out bioassays with synthetic compounds to determine individual or multiple attractants. This approach does not provide a direct link between the volatile profiles and the insects' responses, since minor changes might appear insignificant in the blend but could contribute greatly to the specificity of the insect response. Background odour may be a very important framework within which responses are calibrated, and insects respond to volatiles in the context of this background (Mumm & Hilker 2005; Galizia & Szyszka 2008) . Furthermore, univariate analysis of individual compounds in volatile blends
